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The Martian polar layered deposits are
probably the best source of information about
the recent climate history of Mars [1-8], but
their origin and the mechanisms of accumula-
tion are still a mystery [9].  The polar layers
are sedimentary deposits that most planetary
scientists believe are composed of water ice
and varying amounts of wind-blown dust [3-
5], but their composition is poorly constrained
[10].  Interpretation of the observed polar
stratigraphy in terms of global climate changes
is complicated by the significant difference in
surface ages between the north and south po-
lar layered terrains inferred from crater statis-
tics.  While no craters have been found in the
north polar layered terrain, the surface of the
south polar layered deposits appears to have
been stable for many of the orbital/axial cycles
that are thought to have induced global cli-
mate changes on Mars.  Further studies of the
polar layered deposits should ultimately lead
to a better understanding of the climate his-
tory of Mars.

Using medium-resolution Viking im-
agery, Plaut et al. [8] found at least 15 impact
craters in the southern layered deposits and
concluded that their surface is at least 120
million years old.  In contrast, Cutts et al. [2]
found no fresh impact craters larger than
about 300 meters in summertime images of
the north polar layered deposits.  Instead of
using summertime images, in which differ-
ences in surface albedo are difficult to differ-
entiate from shadows cast by topographic
features, we studied springtime images.  These
images show a surface that was covered by a
blanket of carbon dioxide frost.  This effec-
tively removes the albedo differences and
makes topographic features like impact craters
stand out clearly.  We found no impact craters
on the north polar layered deposits or ice cap.

The images studied cover 77% of the layered
deposits and residual ice cap, with resolutions
from 20 to 95 meters per pixel.  The uniform
seasonal frost coverage, clear atmospheric
conditions, and excellent resolution of these
springtime images make them an ideal dataset
for constraining the surface age of the north
polar layered deposits.  We have confirmed
that craters that are 3 pixels across can be
recognized in images of adjacent, older ter-
rains taken during the same orbit as the im-
ages of the layered deposits, indicating that
the martian atmosphere was very clear at the
time these images were taken.  We therefore
conclude that there are no craters larger than
300 m in diameter in the area of the north po-
lar layered deposits studied.

The absence of impact craters larger
than 300 meters in diameter indicates that the
surface of the north polar layered deposits is
geologically very young.  We modeled the
production and obliteration of an impact cra-
ter population on the layered terrain using the
formulation of Phillips and Malin [11] and
modeling techniques developed by Plaut et al.
[8].  The absence of craters allows placement
of a upper bound on the age of the surface of
the layered deposits, or alternatively, to con-
strain a minimum rate of vertical resurfacing.
We use the estimate of the current crater pro-
duction rate for Mars obtained by Shoemaker
and Shoemaker [12] of 6±2 craters >20 km
diameter produced on a surface of 1 million
square km in one billion years.  A cumulative
crater size frequency power law of -2 slope is
used to extrapolate this rate to smaller sizes.
Over an extended period of time, cratering at
this rate should produce a crater >300 m di-
ameter on an area the size of the layered ter-
rains examined in this study (0.81 million km2)
[13] every 46±15 Ka, on average.  Uncertain-

Lunar and Planetary Science XXVIII 1575.PDF



THE NORTH POLAR LAYERED TERRAIN ON MARS:  K. E. Herkenhoff et al.

ties in this estimate are proportional to the
uncertainties in the crater production rate.
The absence of any craters >300 m diameter,
combined with a “counting error” of ±1 cra-
ter,  allow us to place a upper bound on the
crater production age of this surface at 92±30
Ka.  A surface nearly 1 million km2 in area,
older than about 100 Ka, would be expected
to accumulate at least one crater of sufficient
size to be detected in the Viking images we
examined.
 The lack of craters can also be mod-
eled as the result of a vertical resurfacing
process (either deposition or erosion) that re-
moves craters at a steady rate proportional to
crater depth.  In this model, an equilibrium is
achieved between crater production and oblit-
eration.  Rapid crater obliteration rates are
required to remove craters from the layered
terrain, making the original "age" of the sur-
face inconsequential, since crater production
and obliteration come rapidly to equilibrium.
Such an equilibrium condition produces a cu-
mulative crater size frequency power law of -1
slope.  Ignoring for the moment the poor sta-
tistics of small numbers, the presence of a 300
m diameter crater on an area the size that we
examined is consistent with vertical resurfac-
ing that operates at a rate no faster than 4000
km/Ga (4.0 mm/yr).  Incorporating uncertain-
ties in the cratering rate places uncertainties of
±1.3 mm/yr on this vertical resurfacing rate.
If larger craters were observed, a lower resur-
facing rate would be implied, since such cra-
ters form less frequently and therefore are
more likely to be obliterated over their typical
lifetime.  The absence of any craters larger
than 300 m diameter implies that resurfacing
occurs at a vertical rate at least as fast as our
minimum estimate of 4.0±1.3 mm/yr.

It is clear that the surface of the north
polar layered deposits is much younger than
that of the south polar layered deposits.
Hence, erosional and/or depositional proc-
esses have been more active recently in the
north polar region than in the south.  The

north polar resurfacing rate of 4 km/Ma is
much greater than the resurfacing rate of 8 2
m/Ma derived for the south polar layered de-
posits [8].  This contrast implies that the north
polar layered terrain is currently an active site
of deposition and/or erosion, while the south
polar layered deposits have been relatively
stable over the past 100 Ma or so.  The
greater extent of aeolian erosional features in
the south polar layered terrain may be evi-
dence that gradual erosive processes (such as
aeolian abrasion) have been more important
than rapid ice sublimation in the evolution of
the south polar layered deposits.  Further-
more, the inferred average surface age of the
south polar layered deposits (at least 108 years
[8]) is much longer than the timescales of
theoretical orbital/axial variations (105 to 106

years [14]).  At least some areas of the south
polar layered terrain have therefore not been
greatly modified by global climate changes
over the last 100 million years or so.  New
orbital observations of the Martian polar re-
gions from the Mars Global Surveyor and
surface exploration by the Mars Volatiles and
Climate Surveyor are likely to greatly enhance
our understanding of the polar layered depos-
its and the climate changes that they record.
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